Introduction {#sec1-1}
============

Intramedullary spinal cord tumors are rare neoplasms, accounting for 4--10% of central nervous system tumors. Unlike in adults where intramedullary tumors form 20% of intraspinal neoplasms, in children about 35--40% of all intraspinal tumors are found in this location. Originally, a two-stage strategy was described\[[@ref1]\] for operation on these tumors where a surgeon would perform only a myelotomy on the first day and return after 1 week to remove the extruded portion in the second sitting. Thereafter, neurosurgeons began to rely on more aggressive surgical approaches, but were faced with neurological morbidity including infection, paralysis and even death in a number of patients. This led to the era where simple biopsy and dural decompression followed by radiotherapy began to gain vogue.\[[@ref2]\] Modern neurosurgical instruments, techniques and intraoperative monitoring techniques have again tilted the balance in favor of a more aggressive surgical philosophy.

Moreover, the biological behavior of most intramedullary tumors of the spinal cord is of slow progression, and often may not be recognized till they have attained a significant size.\[[@ref3]\] This is of particular significance in India as often children present after they have severe neurological deficits which generally occur fairly late in the course of the disease.

A review of the database of pediatric intramedullary tumors at the Park Clinic Kolkata from 1998 to 2010 showed a total of 44 such tumors whose breakup is given in [Table 1](#T1){ref-type="table"}. The single most common tumor type in this series was low-grade astrocytoma.

###### 

Histological types of pediatric intramedullary tumors at author\'s institution (1998--2010)
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Clinical Presentation {#sec1-2}
=====================

The intramedullary tumors may remain asymptomatic for several months to even years before the diagnosis is made in these children. In our own modest series, the median time of presentation was 7.5 months after the onset of symptoms.

Pain is without doubt the commonest symptom of presentation. Local pain along the spinal axis is frequent,\[[@ref4]\] and is often described over the spinal segments overlying the tumor. Often a trivial injury is quoted as the start of the symptoms. Nocturnal pain that awakens the children from sleep has been described. Young infants may present with abdominal pain.\[[@ref5]\] Other symptoms include motor deficits, motor regression in infants, or frequent falls. Sensory symptoms or sphincter dysfunctions are rare and indeed only 8% of the children in our series presented with sphincter problems quite in contradistinction to the adult counterparts. One-third of the children in our series presented with scoliosis. The scoliotic curve associated with intramedullary tumors in children is not specific to either direction.\[[@ref5]\] Torticollis is common with cervical tumors and can precede the development of neurological problems.\[[@ref6]\]

Hydrocephalus is reported to occur in about 15% of children with intramedullary tumors.\[[@ref7]--[@ref9]\] In high-grade tumors, the subarachnoid spread of tumor creates an increase in outflow resistance at the level of the basal cisterns, explaining the genesis of the hydrocephalus. In low-grade tumors, the causative mechanism of hydrocephalus is much more controversial,\[[@ref8]\] where an anatomical isolation of the spinal subarachnoid space from the intracranial compartment caused by the presence of the tumor has been held responsible for the hydrocephalus.

On examination, most patients had mild to moderate motor deficits, with findings like spasticity, hyperreflexia and ankle clonus. Dorsal column dysfunction is rare, and sphincter dysfunction presents late in the course of the disease. The only exception has been in tumors at the conus medullaris which generally present with bladder disturbances.\[[@ref10]\]

Diagnostic Studies {#sec1-3}
==================

Magnetic Resonance Imaging (MRI) is the study of choice to identify and delineate intramedullary spinal cord tumors. MR studies should be performed with intravenous contrast to demonstrate the solid component, and to separately show the cysts, edema and syrinx cavity if present. Astrocytomas and gangliogliomas show heterogeneous enhancement patterns \[[Figure 1](#F1){ref-type="fig"}\]. Both these tumors are generally located slightly eccentrically and produce asymmetric dilatation of the cord. Ependymomas, on the other hand, demonstrate uniform enhancement,\[[@ref11]\] and are located centrally in the cord. They are often capped by caudal and rostral low signal intensity areas (the "cap sign") on either side of the tumor mass, and this imaging finding is a result of hemosiderin deposits caused by chronic hemorrhage\[[@ref12]\] \[[Figure 2](#F2){ref-type="fig"}\].

![MR scan T1-weighted image with gadolinium, showing astrocytoma](JPN-6-86-g002){#F1}

![T1-weighted MR image of dorsal intramedullary ependymoma](JPN-6-86-g003){#F2}

In children with scoliosis, digital X-rays in erect position and with bending views are necessary to provide baseline studies to compare later on for correction of spinal deformity.

CT scans of the brain may be necessary in children who present with hydrocephalus.

Pathology {#sec1-4}
=========

Ependymomas presumably arise from ependymal cell remnants of the central canal. This is the possible reason why their growth is vertical along the spinal canal. Ependymomas are graded according to the World Health Organization (WHO) classification of tumors. The subependymoma (WHO grade I) is a slowly growing tumor with a very good prognosis. Myxopapillary ependymomas are also WHO grade I tumors which arise in the filum terminale or conus medullaris and are usually associated with a very good prognosis. The most common intramedullary ependymoma is a WHO grade II tumor. Anaplastic (WHO gradeIII) ependymomas probably arise from malignant transformation of low-grade ependymomas.\[[@ref11]\]

The classical WHO grade II ependymoma is a highly cellular tumor with rare mitotic activity. It stains positive for Glial fibrillary acidic protein (GFAP) immunostains, has perivascular pseudorosettes, and occasional ependymal rosettes. The myxopapillary type is characterized by abundant mucin production, GFAP immunoreactivity and rare mitosis. Anaplastic variants have clear features of malignancy like multiple mitotic figures, necrosis and neovascularization.

The pilocytic astrocytomas and the WHO grade II fibrillary astrocytomas are the two commonest types of astrocytomas in children. Astrocytomas are located eccentrically in the spinal cord, have ill-defined margins, often span five to six vertebral bodies, and demonstrate predilection to occur in the cervicothoracic region in 75% cases.\[[@ref13]\] Astrocytomas often extend through the whole or multiple segments of the spinal cord, the so-called holocord astrocytoma.\[[@ref14]\] In our series, 6 of the 23 astrocytomas were holocord in nature.

Gangliogliomas are graded from I to III depending on cellular atypia, mitosis, necrosis and neovascularization of the glial component of the tumor. They are characterized by binucleate ganglion cells with eosinophilic granular bodies and prominent nucleoli.\[[@ref15]\]

Surgical Treatment {#sec1-5}
==================

Surgical resection is the treatment of choice for pediatric intramedullary tumors. The extent of resection depends on each tumor type because some tumors like ependymomas, gangliogliomas and pilocytic astrocytomas have a good plane of cleavage and radical resection has low neurological morbidity; others like high-grade astrocytomas are difficult to resect with acceptable morbidity because of poorly defined tumor-cord interface. The latter policy has been contested in a number of recent publications,\[[@ref16]\] as it is felt that even the majority of astrocytomas, being low grade in nature, are amenable to radical resection. Hence, the role of conservative resection\[[@ref17]\] has been questioned. In cases of holocord astrocytomas \[[Figure 3](#F3){ref-type="fig"}\], staged surgery has been advocated and laminoplasty needs to be performed only overlying the solid portion of the tumor.

![MR imaging of holocord astrocytomas](JPN-6-86-g004){#F3}

In a series from India,\[[@ref18]\] radical resection has been quoted as achieved in 59% cases, with subtotal resection done in 32%. Another Indian publication on intramedullary tumors in pediatric and adult population has advocated a similar approach and philosophy.\[[@ref19]\]

Recent advances in microsurgical techniques, combined with availability of ultrasonic aspirator, Laser, intraoperative ultrasound, and intraoperative neurophysiological monitoring have led to a much more aggressive approach to these tumors as a whole.\[[@ref20]--[@ref22]\] Gross total resection is attempted now in most cases. A conservative approach has been, however, proposed for tumors of the conus medullaris. Gross total removal has been defined as at least 95% tumor removal, evidenced by a clean surgical field under the microscope at the end of the procedure and a clear postoperative MR scan obtained within 48 hours of the surgery.

Certain special modalities deserve special mention:

Neurophysiological monitoring {#sec2-1}
-----------------------------

The use of neurophysiological monitoring has not been demonstrated to be a definite predictor of outcome.\[[@ref23]\] Initially, the monitoring was restricted to obtaining somatosensory evoked potentials (SSEP) and this was dependant on the integrity of the dorsal columns. Hence, as has been in our experience, these SSEPs disappear immediately after a myelotomy, and therefore have a limited value during surgery for intramedullary tumors. Currently, however, and in our practice, the use of SSEPs is combined with the use of motor evoked potentials (MEPs). Two different recording techniques are available for measuring MEPs. The transcranial stimulus technique allows recording of the D-wave by an epidural catheter electrode placed epidurally or subdurally (eMEPs), whereas the multipulse technique is suitable for eliciting MEPs from limb muscles (mMEP). The advantage of the latter is that the entire motor system from the cortex down to the neuromuscular junction is monitored. The problem of mMEPs is that they are more easily blocked by muscle relaxants and anesthesia.\[[@ref24]\]

It has been our own experience that if MEPs are maintained at more than 50% of their original amplitude, tumor removal can be continued safely. If MEPs drop beyond 50%, waiting for them to return is necessary before proceeding with further cord manipulation. It is always necessary to find a balance between removing too much tumor and causing unacceptable neurodeficits.

Equipments used {#sec2-2}
---------------

### Ultrasonic aspirator {#sec3-1}

This is a very useful tool for rapidly reducing tumor volume by intratumoral decompression. Neurophysiological function and blood flow in the adjacent neural tissue is well maintained beyond 1 mm from the vibrating tip.\[[@ref25]\] This instrument minimizes the traction on adjacent white matter while resecting a tumor. The problem is that with firm to hard tumors, it is often not possible to use.

### Laser {#sec3-2}

Lasers minimize thermal and mechanical trauma to surrounding structures. After an intramedullary tumor has been debulked by an ultrasonic aspirator, lasers may be used to remove residual fragments. There have been descriptions of use of lasers to perform the initial myelotomy. However, due to costs and charring of tissue, their use has not gained much popularity.

### Peroperative ultrasound {#sec3-3}

Use of preoperative ultrasonography to locate the level of tumor and study the solid versus cystic components of the intramedullary tumor has been described.\[[@ref3]\] In holocord astrocytomas, ultrasound may be used to site the laminectomy/laminotomy directly over the solid portion of the tumor. Blood within the operative field is a major problem for its use.\[[@ref26]\]

### Dural substitutes {#sec3-4}

Initially, we used to leave the dura widely open after surgery for intramedullary tumors, but there was clearly a problem with formation of pseudomeningoceles. Hence, it became our practice to routinely perform duroplasty. It has been suggested that polytetrafluoroethylene (Gore Tex; WL Gore and Associates, USA) produces no adhesions,\[[@ref27]\] but a recent study failed to demonstrate any advantage of one dural substitute over another.\[[@ref28]\] Tissue glue has also been used by us for the duroplasty.

Prevention of deformity {#sec2-3}
-----------------------

Post-laminectomy deformities like kyphosis, swan-neck deformities, and scoliosis are common after surgery for intramedullary tumors in the pediatric age group, although they become less frequent with increasing age.\[[@ref29][@ref30]\] It has been shown that 46% of patients younger than 15 years of age developed deformity after multilevel laminectomies, whereas after the age of 1 year the incidence dropped to 6%.\[[@ref31]\] Many surgeons prefer to use osteoplastic laminotomy for all children undergoing surgery for spinal tumors with a view to preserving the posterior tension band and restoring normal anatomy.\[[@ref32][@ref33]\] An aggressive approach to spinal stabilization and fusion should be considered for pediatric patients with spinal cord tumors who present with significant spinal deformity.\[[@ref34]\]

Radiation and Chemotherapy {#sec1-6}
==========================

Many reports have suggested\[[@ref35]\] that radiation therapy is effective in malignant spinal cord tumors where a considerable residual mass remains. However, benefits in young children are controversial because of local recurrence, radiation myelopathy, spinal deformity and secondary tumors.\[[@ref36]\] Also, unlike in the brain, low-grade spinal intramedullary tumors have little potential to transform into high-grade tumors in the absence of radiotherapy.\[[@ref37]\] Tumoricidal doses can be given to astrocytomas (4500--5000 cGy in 180--200 cGy fractions) and for those with ependymomas (4000--4500 cGy in 180--200 cGy fractions), and the chances of radiation myelopathy developing at these doses are small.

Radiation therapy may be withheld in ependymomas and low-grade astrocytomas that have undergone gross total or near-total resection. Radiation therapy is thus reserved for patients with incompletely resected low-grade tumors where repeat surgery is not feasible for some reason or other or for tumors which have rapid recurrence or for high-grade astrocytomas.

Chemotherapy is used for malignant intramedullary tumors in combination with radiation therapy,\[[@ref38]\] but the results are conflicting. Variable responses to chemotherapy regimes have been reported in low-grade astrocytomas in children.\[[@ref39][@ref40]\] The French Society of Paediatric Oncology (SFOP) designed a study\[[@ref41]\] where chemotherapy with carboplatin, procarbazine, vincristine, cyclophosphamide, etoposide, and cisplatin was used in all grades of intramedullary spinal cord gliomas and reported good progression-free survival in majority of their patients. The most significant result of this study was a marked improvement in the functional status of the patients.

Outcome {#sec1-7}
=======

The two most significant predictors of outcome in children who have surgery for intramedullary spinal cord tumors are 1) histological grade of the tumor and 2) the pre-operative neurological status.\[[@ref42][@ref43]\] Children who have a significant pre-operative deficit are more likely to deteriorate after surgery. Children who have ependymomas (WHO grade II) fare better than those who have WHO grade II astrocytomas. Those with a pilocytic astrocytoma have a better prognosis than those with ependymomas.

Outcome also depends on the extent of resection, and whether the tumor has a solid component only or is mainly cystic in nature.\[[@ref44]\]

**Source of Support:** Nil.

**Conflict of Interest:** None declared.
